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Abstract 
The two-dimensional models of vehicle bridge interaction have been used widely for the last decades. The current fast 
development in the computer technology has been resulting to extensive possibilities of creation of more precise models of 
bridge structures as well as vehicle models. The influence of three-dimensional geometry on the results of selected points located 
on the model of the bridge are presented. In this case, a simple shape of the bridge was used to demonstrate the space effect on 
the response of model of the bridge structure. 
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1. Introduction 
The recent development of new progressive computational simulation have been significantly influenced 
approaches that are used for analysis of phenomenon occurred on the bridges while it is loaded by moving vehicle. It 
offers some possibilities how to analyze bridge structures while they are excited by moving vehicle over an obstacle. 
There are possibilities to use simple 2D models for analysis of vehicle-bridge interaction or more advanced 3D 
model. The employment of the second choice directly leads to bigger demands on the computer technology as well 
as experience of the engineers who are doing the analysis [1], [6]. 
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2. The theoretical approach  
The solution of dynamic nonlinear systems requires numerical methods that are stable and offers good results. 
Determination of the solution in the case of the vehicle-bridge interaction is even more complicated because the 
most crucial part of the numerical model is the contact between wheels of the vehicle and the upper surface of the 
road on the bridge. It seems that Bathe method is one of the useful implicit numerical method that gives an 
appropriate results. There the step ∆t is divided into two sub-steps. The first one is solved by using trapezoidal rule 
and the second one there is employed the 3-point Euler backward method [4]: 
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The Eqs. (1)-(4) are then substituted into the structural dynamics equations applied at time t+∆t/2 and  t+∆t that 
are given 
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where K, M, C are the stiffness, mass and damping matrices and U denotes the nodal displacement and rotations. 
The solution needs that the initial conditions are given and the selection of a time step ∆t. It should be chosen with 
respect to the requested accuracy to obtain proper results as the integration method is unconditionally stable. It 
means that also incorrect solution can be determined. This choice depends only on the experience that the engineers 
have. 
3. Description of the model 
The simple geometry of the bridge structure was chosen as there are no difficulties connected with the analysis of 
results. The results are not influenced by unpredictable phenomenon that usually arise if the complicated structures 
are analyzed. There are two models 2D and 3D model with the same span 28.0 m. The boundary conditions for both 
models are the same so they have similar dynamic characteristics in the vertical plane. The Young’s modulus is 3.85 
e10 N/m2 and the weight intensity is 2500 kg/m3.The beam elements that are used for 2D model have cross-sections 
with rectangular shapes and their width is 8.0 m and the height is 1.0 m. The geometry of the second model is made 
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Fig. 1. Visualization of the numerical model of the bridge. 
The main frame of the vehicle is expected to be a rigid body created by employing shell elements in the case of 
2D model and 3D Solid elements in the case of 3D model. The weight of the frame is concentrated in the center of 
the mass defined by applying mass element. The axles of the vehicle are defined by mass elements that are 
connected with spring elements. Thanks to this approach it is possible to define the mass, stiffness and damping 
characteristics of the axles. The rear axle includes also a beam element with a material that has a high value of the 
modulus of elasticity which behaves as an almost rigid connection of mass elements. This technique is also applied 

















Fig. 2. Visualization of the numerical model of the vehicle. 
The stiffness, damping and mass characteristics of the 2D and 3D model of the vehicle are showed in the following 
section.[2],[5] 
 
Stiffness characteristics of the 3D model of the vehicle: 
 
{ki}D={k1; k2; k3; k4; k5; k6; k7; k8; k9; k10} 
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{ki}D  =  {143716.5; 143716.5; 761256; 761256; 1275300;1275300;2511360; 2511360; 2511360; 2511360}    [N/m] 
 
Damping characteristics of the 3D model of the vehicle: 
{bi}D = {b1; b2; b3; b4; b5; b6; b7; b8; b9; b10}  = {9614; 9614; 130098.5; 130098.5; 1373; 1373; 2747; 2747; 2747; 2747}  [N/m] 
 
Mass characteristics of the 3D model of the vehicle: 
{mi}D = {m1; Iy1; Ix1; m2; m3; m4; Iy4; m5; Iy5} = {22950.0;  62298.0; 22950.0; 455; 455; 1070; 466; 1070; 466}          [kg, kg.m2] 
 
Stiffness characteristics of the 2D model of the vehicle: 
{ki}D = {k1; k2; k3; k4; k5} = {287433; 1522512; 2550600; 5022720; 5022720}     [N/m] 
 
Damping characteristics of the 2D model of the vehicle: 
{bi}D = {b1; b2; b3; b4; b5} = {19228; 260197; 2746; 5494; 5494}      [N/m] 
 
Mass characteristics of the 2D model of the vehicle: 
{mi}D = {m1; Iy1; m2; m3; Iy3} = {22950; 62298; 910; 2140; 932}                [kg, kg.m2] 
 
There are created two surfaces before and after the model of the bridge which form a road surfaces near to the 
bridge. They behave as a rigid parts and their main purpose is to allow the vehicle to reach the requested velocity as 
well as to stop the movement out of the model of the bridge. The surface before the bridge also has an obstacle 
which has excited the vehicle before it is on the bridge. 
 
Fig. 3. Scheme of the computer model. 
Between the points of the model of the vehicle that define the surface of the tire and the surfaces of the road are 
created connections by applying contact algorithm. [3] The proper contact is creating during the first part of the 
simulation when the inertial forces are not included into the solution. At this moment also the self-weight of the 
bridge is applied to bend the bridge. The rest of the simulation includes also inertial forces and for the dynamic 
solution bathe numerical method is employed. The movement of the vehicle is defined by prescribing displacement 
in the direction of moving vehicle. The intensity how the displacements increase in time depends on the requested 
velocity of the vehicle which is 10 m/s in this case. 
  
Fig. 4. Visualization of the bridge model with the vehicle and obstacle. 
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4. Comparison of the results 
The results are evaluated by comparison of displacement of the node in the middle of the span of both models.  
This results show that the vehicle which is excited by the obstacle also excites the bridge. The bridge starts to 
oscillate at the first natural frequency. The oscillation of the vehicle is not possible to see there because it vanished 
out very early after it passes the obstacle. It is the result of high damping characteristic of the axles. 
 
 
Fig. 5. Displacement of the node in the middle of the span without damping. 
In the case if there is not defined the damping for the model of the bridge, the oscillation at higher frequencies are 
also there in the response of the bridge. They are not there if the damping characteristics are there in form of two 
parameters α =0.03 and β =0.002. 
 
  
Fig. 6. Displacement of the node in the middle of the span without damping. 
The results for both 2D and 3D models are similar which confirms the assumptions that it is possible to obtain 
similar results if we have models with the same dynamic characteristic. It seems to be truth despite the fact how 
difficult the character of the loading is. 
5. Conclusions 
The numerical solution for both models shows that having models of the bridge with the same dynamic 
characteristics lead to obtain the same results while it is excited by moving vehicle. So it is possible to use simple 
model to obtain the same results. However, there are some restrictions if simple models are used. There is 
impossible to use simple model for analysis of  different conditions such as vehicle moving near to the  edge of the 
bridge or if the obstacle is placed so that only one wheel of the axles is driving over it. From practical point of view, 
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this advanced computer simulation could lead to improvement of the process of design and assessment of new or 
also existing bridge structures. 
Acknowledgements 
This paper was prepared with the support of the Scientific Grant Agency of the Slovak Republic within the 
solution of project 1/0259/12. 
 
References 
[1] Klaus-Jürgen Bathe, Finite Element Procedures, Prentice-Hall, 1996, ISBN 0-13-301458-4. 
[2] Ľuboš Daniel, Ján Kortiš, Moving load effect on bridges. CETRA 2014 Road and rail infrastructure III : 3nd international conference on road 
and rail infrastructure - 28-30 April 2014, Split, Croatia. - ISSN 1848-9842. - Zagreb: Department of Transportation, Faculty of Civil 
Engineering University of Zagreb, 2014. - S. 535-539. 
[3] Handrik, M.  , Vasko, M., Kopas, P., Saga, M.  Effective finite element solution and post-processing for wide load spectrum, Komunikacie, 
ISSN 13354205, Volume 16, Issue 3A, 2014, Pages 19-26. 
[4] Klaus-Jürgen Bathe, Gunwoo Noh, Insight into an implicit time integration scheme for structural dynamics, Computers and Structures, 98-99 
(2012) 1–6. 
[5] Melcer, J. – Lajčáková, G.  Numerical simulation of vehicle motion along the road structure. Roczniky Inzynierii Budowlanej – Zeszyt 
12/2012, Komisja Inzynierii Budowlanej Oddzial Polskej Akademii Nauk w Katowicach, ISSN 1505-8425, p.37-42. 
[6] Theory and Modilng Guide Volume I: ADINA, 2013. 
